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ABSTRACT
Copper physical development of copper latent images
was researched. The proposed method for producing copper
latent images was to soak a titanium dioxide in a
copper (II) sulfate nucleating bath and expose to UV radiation
below 4l0nm. The exposures were to produce the copper latent
image. Three physical developers were used to try to intensify
the latent images. The developers utilize an iron (Il)/iron (III)
redox system to reduce copper (II) sulfate to copper metal.
The developers also contain carboxylic acids as complexing
agents for iron (III) ions and cationic surfactants for
stability. The printout achieved was not stable and shown not
to be copper metal. A copper colloid emulsion was prepared.
The three physical developers bleached the copper colloid.
A physical developer using formaldehyde as a reducing agent
was prepared. The developer produced a brown to purple color
change on the copper colloid emulsions.
vi
INTRODUCTION
The purpose of this project has been to study the
physical development of copper latent images by the deposi
tion of copper. Interest in copper latent images and copper
physical development stems from the possibility of copper
replacing silver as a photographic system and the application
of physical development to the manufacture of electronic
circuit boards.
The possibility of copper compounds replacing silver is
based upon the similarities between the two metals and the
compounds the two form. The copper (I) halides and other
copper (I) compounds are radiation sensitive. The photocon
ductivity and absorption properties of the radiation sensitive
copper compounds are similar to silver compounds. Printout
-
images are produced equally we'll.
Copper imaging systems would have several advantages
relative to silver based systems if perfected. Copper is a
better system for the attenuation of UV radiation than silver.
Copper absorbs radiation uniformly across the UV and visible
spectrum while silver does not. Silver has a window in the
deep UV at 310nm. These properties would be advantageous
for contact copying onto UV sensitive materials.
Another advantage is the cost factor. Silver is expensive
relative to copper. Silver presently costs $5.1l/troy ounce
while copper is just $0.69/pound.
There is also some worry that the supply of silver may
be running out. The Free World uses approximately 350 million
troy ounces of silver annually in industrial products. New
mine productions are in the vicinity of 235 million troy ounces,
leaving a deficit of tL5 million troy ounces which must be
supplied in some way.
Copper physical development and electroless plating are
becoming important in the manufacture of printed circuit
boards. "The; Philips Research Laboratories las been researching
this area for some time with the idea of developing metals
onto an insulating support material for the use with circuit
boards. They are presently using this type of system to man
ufacture circuit diagrams for Volkswagens. The Kollmorgen
Corporation, Photocircuits Division, is licensing their CC-4
process for making circuit boajrds using a copper electroless
plating solution.
The Philips Research Laboratories has found two advan
tages to the use of physical developers. One is the more
economical use of the metals in the developer solution. The
other is the high resolution allowing for more dense data
7
storage .
There are two major differences between the copper and
silver radiation materials. Emulsions made of copper (I)
bromide, copper (I) chloride, and many of the other well-known
radiation sensitive copper compounds are not stable in the
because of the tendency to combine with oxygen from the
air to form copper (I) oxides. To avoid this difficulty,
titanium dioxide was used to reduce copper (II) sulfate to
copper metal latent images. Titanium dioxide emulsions were




A second difference lies in the ability of the silver
halides to be developed both physically and chemically to
increase the quantum yield. Chemical development of radiaton
sensitive compounds such as copper (I) chloride and copper (I)
bromide is unlikely to occur because any developer which will
reduce copper (I) salts will probably be very unstable in the
air.
Physical development of copper latent images may be
pos-
1 2
ible with the physical developers
'
designed by the Philips
Research Laboratories.
4
The Philips Research Laboratories have also reported
using titanium dioxide and UV radiation to reduce copper (II)
salts to form latent images. These latent images were report-
edly developed by copper deposition after 'certain
precautions."
The objective of this project has been to try and repeat
and refine work reported by the Philips Research Laboratories.
The main concern has been with the physical development
process. The physical developers used were designed by the
Philips Research Laboratories.
THEORY
The copper (I) ion is unstable in the air, It will reaact
with oxygen to form copper (I) oxide. The Harris-Frisicano
research which was based on a copper (I) bromide emulsion
had little success because of the oxidation problem. Copper
(I) oxide precipitated during the emulsion making process.
This prevented the repeatable making of emulsions. The
emulsions were also unstable because of the rapid oxidation
on storage. Formation of copper latent images by the exposure
of a titanium dioxide emulsion was used to overcome these
o
problems. The system is similar to the Itek RS process.
The Itek Corporation used the radiation sensitive prop
erties of titanium dioxide to create their
"RS"
process. The
titanium dioxide emulsion is exposed and then soaked in a
nucleating bath of silver nitrate. The silver nitrate is
selectively reduced at the latent image sites. Silver or
other metals may then be physically developed on to the
Q
silver to form a visible image.




The absorbed wavelength necessary to raise an
electron in titanium dioxide from the valence band to the
conduction band is 4l0nm or shorter. In titanium dioxide,
the energy difference between the conduction band and valence
band is 3leV.
This is derived from the equation:
ch c = speed of radiation
energy
-
-^ h_= planck.s constant
^
= wavelength of radiation
Rather than soaking the titanium dioxide in silver ni
trate after exposure (as in the Itek RS system), a copper (II)
sulfate nucleating bath was used before exposure. The copper
(II) sulfate may increase the sensitivity of the emulsion
when added before exposure. Many of the reducing species are
not utilized in the post-exposure nucleating system. Pre
exposure nucleation will take advantage of more of these re
ducing species which would have been lost.
The pH of the nucleatiigbath is important to the speed
of the titanium dioxide emulsion. The higher the concentra
tion of the ions, the more sensitive the emulsion. This
is possibly due to the
0H~
ions acting as hole traps at the
surface of the crystal. , Assuming the reducing species is an
electron, trapping the holes reduces recombination of the free
o
electrons and the holes.
The mechanism for the reduction of the copper (II) sul
fate is not certain. The chemical products resultant from
the exposure of the titanium dioxide are not known. Two of
the products are titanium monoxide and oxygen but the reaction
is not stoichiometric. Other products exist but have not been
identified. Exposing titanium dioxide to actinic radiation
produces some reducing species which are capable of reducing
metal ions such as silver (I) and copper (II).
A single copper-metal atom would probably be insuffic
ient to catalyze the formation of copper-matal from a
physical development solution. In silver -halide photography
the latent image must consist of a minimum of four silver
atoms to catalyze the formation of more silver from the
11
developer solution. The exact number of atoms needed for
copper to be self-catalytic is not known, but by analogy with
11
silver and gold, more than one atom is required.
The purpose of a catalyst in any reaction is to supply
a path of lower energy for the reaction to proceed. In this
way a lower activation energy and less overall energy is
required to drive a reaction to completion. The rate of the
12
reaction is sped up. The latent image supplies this lower
energy path by providing a large surface area for the reac






Oxidized D.A. + nCu(Eq.l)
The energy for the reaction is supplied by the potential
difference (American Sign Convention):
^=ECu+2/Cu +BD.A./D.A.+
In the American Sign Convention AE must be positive for the
reaction to proceed to the right (Eq.l).
The redox potential needed for the development of the
copper will be supplied by the oxidation of the iron (II) ions
to iron (III) ions. The electrons given up by the iron (II)
ions are used in the reduction of the copper (II) ions to
copper metal. The standard potential for the reduction of
copper is 336mV. The standard potential for the oxidation of






EFe -7>e+3 - | ta^3|52P -' W
R = gas constant
F = faraday
T = absolute temperature
The Nernst equation shows that the potential difference
in the developer solution is ion concentration dependant.
Substituting in the values for the reduction of copper (II)
ions to copper metal and for the oxidation of iron (II) to
iron (III), It becomes clear that a eell potential of at least
-435mV must be bridged before development will take place .
In addition. Philips has found that the desired potential
for development is from 50mV to 150mV over the equilibrium
value. This means that the iron (III) concentration must be
low compared to the iron (II) and copper (II) ion concentra
tions.
The Philips Research Laboratories have also found that
the only way to achieve the required potential difference is
8
to add complexing agents which tie up the iron (III) ions.
The requirements for the complexing agent are that it must
form strong complexes with the iron (III) ions and relatively
2
weak complexes with iron (II) and copper (II) ions.
The complexing agents combine with the iron (III) ions
2







The concentration of the ferric ion M is given by:
JMn+]= Kfi-1 K = instability constant
fr*-J
The Nernst equation for the developer potential is now
dependent not solely on the concentration of the free ions,
but on the concentrations after the complex formation.
2
The Nernst equation is now written:







The Philips Research Laboratories have reported using
phosphonic acids and carboxylic acids as complexing agents
for iron (III) ions. The three developers chosen for the
study are based on the carboxylic acid compounds. The carbox
ylic acid compounds are not as strong a complexing agent for
iron (III) ions as the phosphonic acid compounds are. The
carboxylic acid compounds are, however, much weaker complex
ing agents for iron (II) and copper (II) ions than are the
phosphonic acids.
The three Philips physical development formulations
are shown below in Table I .









2 butyne-1,4 diol mol/l. 0.04




The carboxylic acid compounds used are A, citric acid;
B, tartaric acid; and C, gluconic acid. Developer C was
reported as "attractive for the deposition of thin conductive
copper
coatings."
The Philips developers contain a low concentration of










This may seem to the desire of keeping the iron
(III) ion concentration low. This starting concentration is
needed to stabilize the developer. The potential of the
developer solution changes very quickly until an
equilibrium
point is reached between the complexing agent and the iron
(III) ions.
Physical developers are unstable by nature. The reduc
tion potential is continuously forcing the copper (II) ions
to form copper (I) ions and copper metal. Copper metal nuclei
are formed spontaneously in the developer. These nuclei are
self-catalytic . As the concentration of copper metal nuclei
13
increases, so does the rate of formation.
J
Cationic surfactants have been added to the developer
formula to inhibit the growth of the copper metal nuclei. The
effect of the cationic surfactant is to coat the surface of
the growing nuclei and prevent further growth. The growing
nuclei appear to have a surface negative charge. The cationic
2 13
surfactants ionize in the developer solution.
'
The cationic
surfactants are attracted to the anionic nuclei and coat the
nuclei in the form of micelle. The micelle formation effec-
3
thely slows down the rate of growth of the nuclei.
Surprisingly the surfactants do not appear to hinder
development in any way. It seems that the surfactants selec
tively coat the growing nuclei but not the latent image sites.
This appears to be a size consideration. The surfactants can
not coat the latent images-; -The surfactants form micelle
10
which are too big to form in the latent image containing mat




Copper (I) ions are formed in the physical developers
by spontaneous reduction of copper (II) ions by the
iron (ll)/iron (III) redox system. The copper (I) ions will
react with free radicals such as dissolved oxygen and precip
itate out of solution, The Philips Research Laboratories
reported the precipitation of copper (I) oxide in some of the
developers. Philips added complexing agents for the copper (I)
ions. The complexing agents; 2 hu.tyne-1,4 diol, sodium bisul
phite, and ammonium hydroxide, tie up the copper (I) ions
and prevent them from reacting with free radicals such as
oxygen .
There are two problems which result from the precipita
tion of copper (I) oxide. One is the change in the potential
of the developer. The other is the problem of keeping the




OVERVIEW OF THE COPPER PHYSICAL DEVELOPMENT PROCESS
Every imaging system is in itself unique. The steps of
this particular imaging system are outlined in Figure 1 . and
discussed in detail under the appropriate heading.




Expose to UV radiation(Cu )
(Visual Printout obtained)
4
Development (Philips Type Developer)
Figure 1. Outline of the copper physical development process,
PREPERATION OF EMULSIONS
The coating method was adopted from U.S. patent #3,684,507.
: 45
Sixteen parts Degussa Titanium Oxide P 25 is dispersed in
14
12
seventy-five parts water containing 0.32 parts Calgon. 8.5
1 6
parts forty-six per cent Rhoplex 3-15 binder (polyacrylate
latex) are then added to the water solution. This results in
a pigment to binder ratio of four to one,,
A dispersion can be made by mixing the titanium
dioxide-
Rhoplex B-l 5 solution with a magnetic stirring bar and mag
netic mixer. The Rhoplex binder has a tendency to form air
bubbles when stirred. This problem is reduced by heating
"~
and/or spraying the dispersion with Dow Corning Antifoam A.
The dispersion mixed is very thin. The emulsions can be
made more viscous by raising the pH. The addition of two
millimeters of a twenty-eight per cent ammonium hydroxide
solution per one hundred millimeters of the titanium dioxide
dispersion allowed excellent coatings to be made.
COATING THE EMULSIONS
A five by eight inch piese of baryta coated paper is
held in place by vacuum applied to a draw down block. A small
sample of emulsion (approximately lOmillimeters) is poured
across one end of the short dimension of the paper. The
emulsion is then spread the length of the paper with a
Wire wound rod (twenty winds. per centimeter) or knife edge.
Either method allows excellent coatings to be made.
13
PREPERATION OF NUCLEATING BATHS
Prelim- inary tests were made by soaking the emulsions
in a solution of 20g/l copper (II) sulfate. These solutions
had an average pH of 4.55-
EXPOSURES
Exposures were made with a Colight diazo material u
exposure device containing a General Electric 400 watt
mercury vapor lamp. The irradiance at the film plane was
measured as 240uW/cm .
Exposure times were sixty seconds. This exposure time
yielded a visual printout image (which allowed the observance
of latent image fading). Exposure increased the density
of the emulsions from 0.09 to 0.14. Densities were measured
with a Macbeth TD-504 densitometer.
DEVELOPERS
The developers (see Table.I.) were mixed and used in a
nitrogen atmosphere to insure that copper (I) oxide would







obtained upon exposure did not
last long in the air. Noticeable , fading was visually observed
in less than ten minutes. The printout disappeared almost
completely in thirty minutes. Similar printout images obtained





suggested the use of a reducing
agent to stabilize the printout images. Dextrose, hydroquinone
and acetone semicarbazone were examined. Dextrose and acetone
semicarbazone in con j 'Line tion with copper (II) sulfate had
little apparent effect on the stability of the printout
images. A solution of 20g/l copper (II) sulfate and 5g/l
hydroquinone produced a stabilizing effect. The images lasted
several hours.
The problem with the copper (II) sulfate -hydroquinone
* The copper latent images will be referred to as printout
images as it has not been clearly shown that copper latent
images were actually obtained. This information is discussed
in detail in the section entitled "PRINTOUT IMAGE ANALYSIS."
** Silver latent images are used here because the images are
readily developable.
15
nucleating bath was that it darkened while on the shelf.
1 8
D. Corbin suggested that copper may decompose the hydro
quinone. New solutions were mixed when the sludge became
apparent in the nucleating baths.
As previously stated, the Philips Research Laboratories
reported that in their silver system the pH of the nucleating
bath had an effect upon the sensitivity of the emulsion
9
probably due to hole trapping by
OH- ions. By comparison,
the pH of the copper (II) sulfate nucleating bath (concentra
tion 20g/l) was raised by the addition of a concentrated
sodium hydroxide solution. A precipitate formed below pH 5
and the solution could not be used
PHYSICAL DEVELOPMENT STUDY
A further major problem encountered was that the printout
images were bleached by the developers almost instantaneously.
Silver latent images however could be developed. This may
4
have been due to the difference in the reduction potential of
silver metal when compared with copper metal. Silver will
catalize development at lower reduction potentials than copper.
The bleaching action of the developers was tested by
placing a copper wire in a sample of the three Philips type
developers (see Table I). The developers dissolved the copper
wire suggesting that the iron (III) concentration was too high.
The iron (III) concentration was decreased by doubling
16
the complexing agent concentration in the developers.
Physical development still did not occur. Perhaps a better
test would have been to leave out all of the iron (III) ions.
Adjustment of Developer pH
The bleaching of the prirlfbut image caused us to look for
some of the problem spots carefully. This lead to the measure
ment of the pH. Until this point tests had been performed
at unadjusted pH levels. It was assumed that the unadjusted
pH levels would be in the vicinity of Philips recommended
values (see Table I.). Secondly pH is not inherent in the
Nernst equation for the physical developing system. Therefore
it was believed that pH would not have much bearing on the
thermodynamics of the developers. This did not turn out to
be the case (see section entitled "Measurement of Developer
Potential").
Raising the pH caused a precipitate to form. The precip
itate was determined to be an iron compound by testing in a
fifty per cent nitric acid solution and five per cent ammonium
thiocyanate solution. Iron compounds turn this combination
of solutions red.
Raising the pH did not improve development. Unless the
Philips Research Laboratories intended the developers to be
used in a sludging environment, the developers can not be
mixed as published.
17
Measurement of Developer Potential
Although unexpected, raising the pH did have an effect
on the potential of the developers. This information is
reflected in Table II.
Table II . Measured Electrochemical Potential in mV
' :.- Cell Potential at








Copper 18. 5 -I63
Iron 17 -180
The Philips Research Laboratories reported that, "as in
the case of silver developers, practical copper developers
with iron (Il)-irdn (III) ions as the redox system can be
obtained when the difference between the metal potential and
2
the redox potential is
50-150mV."
It is obvious from the
values indicated in Table II and the fact that the developers
bleached the copper wires that the developers cannot work.
The iron (ll)/iron (III) potential of the developers
were measured with a platinum vs. saturated calomel electrode.
A copper wire vs. saturated calomel electrode was used- for
the measurement of the copper potential. The copper wire was
calibrated using calculated values (determined using the Nernst
equation) vs. those measured values. The potential measure-
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ments reported in Table II do not reflect the calibration
values shown in Figure ,2.
Because the developers had unfavorable potentials and
could not be used, a different type of formulation had to be
tried. The new developer formulation decided upon used
20
formaldehyde as the reducing agent. Formaldehyde is
commonly used for electoless deposition of thin conducting
layers .
Table III. Formaldehyde Developer Formulation
Copper Sulfate mol/l. 0.028
Sodium salt of EDTA mol/l. 0.03
Sodium hydroxide mol/l. 0.10
Formaldehyde mol/l. 0.13
Polyethylene glycol grams 0.10
As with the other Philips formulations problems were
encountered. The developer sludged when mixed at these levels.
This was checked by remixing and watching for sludging after
the addition of each chemical. The sodium hydroxide appears
to force copper (I) oxide to form. The problem was alleviated
by doubling the EDTA level and adding enough sodium hydroxide
to reach a desired pH. A pH of 12.8 was used for experimenta
tion.
The formaldehyde developer did not amplify the printout
20
images. It was at this point that a detailed study of the
printout images began.
PRINTOUT IMAGE ANALYSIS
There is considerable evidence to suggest that the
printout images obtained were not copper metal, tout a copper
(I) oxide product. The printout images were dissolved with
distilled water. Distilled water is slightly acidic, pH 5'5>
The slight acidity may have been all that was needed to a; ;',.
oxidize and dissolve the small* unstable printout image. The
pH of the water was raised to 12 and still the image dissolved.
The printout image was also soaked in Kodak D-76 devel
oper. The idea here was to keep the image in an alkaline
state as well as a reducing atmosphere in case any rapid or.
oxidation might be occuring. The images still dissolved.
To further test the composition of the printout image,
an image was dissolved in a one per cent nitric acid solution
and then soaked in a one per cent ammonium hydroxide solution.
The blue color obtained would tend to indicate the presence
of copper (I) or copper (II) ions.
There are three possible explanations for the presence
of copper (I) or copper (II) ions in this test. One is that
the printout image is a copper (I) or copper (II) ion
compound. The second is that not all of the copper (II) ion
introduced into the emulsion as copper ll) sulfate is
21
reduced to copper metal. Finally, the copper metal present
in the emulsion may be oxidized to copper (I) or copper (It)
ions by the ammonium hydroxide due to the concentration and
pH used for the test.
The difficulties encountered with the images may have
been due to the basic instability of the small copper image
specks or the fact that small aggregates of. copper may not
react the same as massive metallic copper.
It was obvious at this point that continued study of
copper physical development could not proceed while working
with the titanium dioxide imaging system. As indicated by^
the tests performed above, copper latent images were
probably not produced.
In order to study the developers, a known source of
copper nuclei had to be devised. A copper colloid emulsion
was prepared for this purpose.
COPPER COLLOID EMULSIONS
The copper colloid emulsions were prepared by reducing
copper (II) sulfate with sodiun borohydride in a one per cent
solution of pthalated gelatin. The pH was monitored and main
tained at pH 8 to keep the pthalated gelatin above its
isoelectric point.










One drop of a 37.5 per cent formaldehyde solution per
fifty millimeters of emulsion was added prior to coating as
a hardener.
Test to Check for Copper Metal
A one per cent nitric acid solution was used to dissolve
the copper colloid emulsion. The addition of a one per cent
solution of ammonium hydroxide to the nitric acid-copper
colloid solution should turn the solution blue if copper (I)
or copper (II) ions are present. The solution remained clear
indicating the presence of copper metal.
Development of the Copper Colloid Emulsions
The copper colloid emulsions were not amplified by the
Philips type physical developers as might be expected by their
unfavorable electrochemical potentials. The formaldehyde
developers did exhibit some type of effect on the colloid
emulsions. The undeveloped colloids had a light brown color.
4
The developed colloids exhibited a purple color.
Spectrophotometric curves were made of the undeveloped
and developed colloids to see if an increase in density




Analysis of Figure 3 shows that the formaldehyde devel
oper produced a maximum absorption at 525nm on the copper
colloid emulsion. The developer however produced a decrease
in absorption below 484nm and above 683nm.
The maximum absorption in the green portion of the
spectrum coupled with the decrease of absorption in the
blue and red regions of the spectrum does not seem reminiscent
of the deposition of copper metal.
Because of this, a spectrophotometric curve was made of
copper (I) oxide to check if the development amplification
that did occur was not in fact the production of a copper (I)
oxide product. The sample obtained
from'
the Rochester Institute
of Technology chemistry department produced a neutral curve
(see Figure 4). This color would seem reminiscent of copper
(II) oxide rather than copper (I) oxide. Copper (I) oxide is
21 21
red in color while copper (II) oxide is black in color.
At best then (without further work) , it can be qualita
tively be stated that the formaldehyde developers exhibit
some type of amplifying effect in the 484-683nm region of
the spectrum.
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ADDITIONAL EXPLANATIONS WHY THE IMAGING SYSTEM DID NOT WORK
As previously dicussed in the "Prirfout Image
Analysis"
section of the report, there was some reason to "believe that
the images being produced by was not copper metal but a copper
(I) oxide product.
Another possibility is that the copper (I) sulfate and
a photolytic product of titanium dioxide react upon exposure
to form some unidentified compound seen as the printout. The
unidentified compound might be soluble in water and oxidize
if allowed to stand in the air.
A final possibility is that there some impurity in the
titanium dioxide which is poisoning the system., The impurity
may combine with the copper (1*1) salt upon exposure and pre
vent it from being reduced to copper metal. The printout image
may be some compound formed by the impurity and the copper
sulfate .
ADDITIONAL EXPLANATIONS WHY THE PHYSICAL DEVELOPERS DID NOT
WORK AND RECOMMENDATIONS FOR FUTURE WORK.
One change was made from the published developer
formulas (see Table I.) used in this experiment. The
27
cationic surfactant in the published formula was Desogen
(methyl-phenyl dodecyl trimethyl ammonium salt), manufactured
by Ciba-Geigy Corporation. The surfactant is no longer avail
able. Hexadecyltrimethyl ammonium hydroxide was substituted.
The aliphatic chain length of the surfactant should be
fi*om eight to twelve carbon atoms long. Desogen has a chain
length of twelve carbon atoms. The substitute used has a chain
length of sixteen carbon atoms. The increasing chain length
tends to increase the activity of the surfactant. The
substitute may have been too active and altered the free ions
in solution thereby causing development interference.
Developer B and C used the surfactant. Developer A did
not and was the only developer to have a positive electro
chemical potential (although below the 50-1 50mV needed for
developemnt) . Therefore a shorter aliphatic chained surfactant
should be tried.
Another structural difference which may have had some
effect upon development was the fact that most of the published
Philips surfactants had an aromatic group at the end of the
carbon chain. The substitute used did not. A surfactant with
an aromatic group should also be tried.
As previously discussed in the
"Theory"
section, the
complexing agents are added
to keep the free iron (III) ion
concentration much lower than the copper (II) and iron (II)
ion concentrations. The complexing agents will complex with
28
the iron (II) and copper (II) ions. This complex formation
is necessary to prevent the precipitation of hydroxides of
copper and iron when the pH is raised. Evidently, the
carboxylic acid compounds did not form strong enough complexes
with iron (II) and copper (II) ions as sludging occured when
the pH was raised.
Philips has reported using phosphonic acids as complexing
o
agents for metal ions. The phosphonic acids form stronger
complexes with iron (II) and copper (II) ions than the
2
carboxylic acids. We however could not obtain many of these
compounds.
The phosphonic acids may have proved to have produced
workable physical developers. Most of the developers using
2
the phosphonic acids worked at lower pH, than the developers
using the carboxylic acids. The combination of the lower pH
and stronger complexing action might have prevented the
sludging which radically altered the electrochemical potentials
of the physical developers tested. The phosphonic acid
compounds should be tried.
The Philips Research Laboratories also report a success-
ful copper physical developer working at a pH of 12.7-
EDTA and triethanolamine were used as complexing agents.
EDTA forms stronger complexes with iron (II) and copper (II)
2
ions than either the phosphonic acids or carboxylic acids.
The addition of EDTA to the three formulas used in this exper
iment may stabilize the iron (II) ions enough to prevent
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precipitation and not alter the electrochemical potentials
seriously enough to prevent development.
The Philips Research Laboroatories experimented with
titanium dioxide and copper (II) salt systems . "After
exposing the dried material to actinic light, nucleation is
completed by water rinse. If certain precautions are
exercised, the latent metallic images can be directly inten
sified to conductive patterns... with
copper."
There is no
mention in the literature as to what these "certain
precautions"
are. The water rinse does not seem logical
when compared to the fact that water rinse bleached the
copper printout images our system produced. Something may




1. The printout image produced by the exposure of a
titanium dioxide emulsion soaked in a copper (II) sulfate
nucleating bath was not copper metal and was unstable.
2. Reducing agents added to the copper (II) sulfate
nucleating bath had only a partial stabilizing effect on the
printout image .
3, The printout image could not be developed by copper
physical developers utilizing an iron (ll)/iron (III) redox
system or a copper physical developer utilizing formaldehyde
as the reducing agent, for copper sulfate.
4.^Permanent silver latent images were produced when the
titanium dioxide emulsion was soaked in a silver nitrate
nucleating bath and exposed.
5- The silver latent images could be developed by all of
the developers used in this experiment.
6. The iron (II)/iron (III) redox system copper physical
developers dissolved samples of known copper metal.
7. A copper wire was calibrated and used as an electrode
for measurement of the copper potentials of the developer
solutions.
8. The copper physical developers based on the iron II/-
iron (III) redox system and carboxylic acid compounds as
complexing agents for iron (III) ions did not have an
electrochemical potential in the range required for develop
ment .
9. Hexadecyltrimethyl ammonium hydroxide added as a
cationic surfactant did not stabilize the copper physical
developers using the iron (ll)/iron (III) redox system.
10., Iron compounds precipitated when the pH of the copper
physical developers using the iron (Il)/iron (III) redox
system was raised to recommended values. These developers
can not be used at the recommended pH unless the developers
were intended to be used in a sludging environment.
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11. A copper colloid emulsion was prepared by reducing
copper (II) sulfate with sodium borohydride in a one
per cent gelatin solution.
12. A copper physical developer using formaldehyde as a
reducing agent produced a deposit which had an absorption
maximum at 525nm when tested on the copper colloid emulsion.
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